Application No. : 1 0/5 1 1 ,229 



5 



Docket No.: 404172000300 



REMARKS 

Claims 1-17 are pending in the present application. Claims 12-14 and 16 are withdrawn 
from consideration as being drawn to a non-elected invention. By virtue of this response, claim 5 
has been cancelled. Claims 1, 6, and 10 have been amended. Upon entry of this amendment, claims 
1-1 1, 15, and 17 are currently under consideration. 

Support for the amendment of claim 1 can be found, for example, on previous claim 5 and 
page 36, lines 16-22 of the specification. Claims 6 and 10 are amended to correct informalities. No 
new matter is added. 

With respect to all amendment to claims, Applicants have not dedicated or abandoned any 
unclaimed subject matter and, moreover, have not acquiesced to any rejections and/or objections 
made by the Office. Applicants expressly reserve the right to pursue prosecution of any presently 
excluded claim embodiments in future continuation, continuation-in-part, and/or divisional 
applications. 

Claim Rejections - 35 USC § 102(b) 

Claims 1-6, 10, 1 1, 15, and 17 stand rejected under 35 U.S.C. § 102(b) as allegedly being 
anticipated by Capua et al. ("Capua," Veterinary Record 2000, Vol. 147, No 26 page 751). 
Applicants respectfully traverse this rejection. 

As a preliminary matter, Applicants respectfully submit that, solely in an effort to expedite 
prosecution, claim 1 has been amended to recite "wherein the specimen comprises biological fluid 
from an animal which has been subjected to vaccination by means of a heterologous vaccine 
characterized by the same subtype of viral haemagglutinin HAx and a different subtype of 
neuraminidase NAz." Claims 2-4, 6, 10, 11, 15, and 17 depend from claim 1. 

As the Examiner has acknowledged, Capua "does not teach specific assays to detect 
antibodies." Page 4, line 5 of the Office Action. Specifically, Capua is a brief proposal for methods 
of controlling avian influenza. It does not disclose contacting an antigen comprising or encoding an 
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amino acid sequence of a neuraminidase protein or a fragment thereof with a specimen of the 
biological fluid. Neither does Capua disclose determining whether an antigen has any 
antineuraminidase antibodies bound thereto. Capua also does not disclose a diagnostic method 
using a specimen comprising biological fluid from an animal which has been subjected to 
vaccination by means of a heterologous vaccine characterized by the same subtype of viral 
haemagglutinin HAx and a different subtype of neuraminidase NAz. By contract, the reference 
states, 

The presence of a different neuraminidase (N) subtype, which will induce specific 
antibodies (against N3 rather than Nl), will enable us, with the aid of an ad hoc 
diagnostic kit, to discriminate between infected and vaccinated flocks. 

Page 75 1 , middle column. 

Thus, Capua focuses on discriminating between infected and vaccinated flocks rather 
than diagnosing avian influenza virus infection using a specimen comprising biological fluid from 
an animal which has been subjected to vaccination by means of a heterologous vaccine 
characterized by the same subtype of viral haemagglutinin HAx and a different subtype of 
neuraminidase NAz. 

Moreover, at the time the present application was filed, the conventional method for 
detecting neuraminidase antibodies is a neuaminidase inhibition (NI) test. Rather than testing for 
the binding of an antigen to the antibody, the Nl test is a functional test based on the inhibition of 
neuraminidase enzyme activities. See, e.g., page 470, last paragraph of the left-hand column of 
Swayne et al., Rev. Sci. Tech. Off. Int. Epiz 2000, 19(2):463-483 (Exhibit A). Accordingly, the 
mere mention of "an ad hoc diagnostic kit" does not inherently disclose the specific steps recited in 
the claim 1 . 

For at least the above reasons, Applicants respectfully submit that the claimed methods 
are novel over Capua et al. and request that the 35 U.S.C. § 102(b) rejection be withdrawn. 
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Claim Rejections - 35 USC § 103(a) 

Claims 1 and 7-9 stand rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Capua et al. and Van de Perre et al. ("Van de Perre," J Clinical Micro. 1988 Vol 
26, pages 552-556). Applicants respectfully traverse. 

Capua et al. is discussed above. Van de Perre is cited as allegedly disclosing specific 
assays for detecting antibodies. As discussed in further detail below, Capua and Van de Perre, alone 
or in combination, do not render the claimed methods obvious. 

The Examination Guidelines for Determining Obviousness under 35 U.S.C. § 103 added in 
MPEP in view of the recent Supreme Court decision KSR International Co. v. Teleflex, 127 S. Ct. 
1727 (2007), identifies seven rationales that can be used to support the legal conclusion of 
obviousness. MPEP 2141. One rationale identified in the Examination Guidelines is as follows: 

G. Some Teaching, Suggestion or Motivation in the Prior Art That Would Have Led 
One of Ordinary Skill To Modify the Prior Art Reference or To Combine Prior 
Art Reference or To Combine Prior Art Reference Teachings To Arrive at the 
Claimed Invention. 

To reject a claim based on this rationale, Office personnel must resolve the Graham 
factual inquiries. Office personnel must then articulate the following: (1) a finding 
that there was some teaching, suggestion, or motivation, either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the art, 
to modify the reference or to combine reference teachings; (2) a finding that there 
was reasonable expectation of success; and (3) whatever additional findings based on 
the Graham factual inquiries may be necessary, in view of the facts of the case under 
consideration, to explain a conclusion of obviousness. 

MPEP 2143. 

Applicants respectfully submit that claims in the present invention are not obvious in view 
of the cited references. As discussed above, Claim 1 as amended recites "a diagnostic method for 
detecting infection with an avian influenza virus of a specific epidemic strain (HxNy) comprising 
the steps of: contacting an antigen with a specimen of biological fluid from an animal to be tested, 
wherein the antigen is a recombinant antigen comprising comprises or encodes an amino acid 
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sequence of a neuraminidase protein (NAy) or a fragment thereof; and determining whether the 
antigen has any anti-neuraminidase antibodies bound thereto by means of a positivity detection test, 
wherein the specimen comprises biological fluid from an animal which has been subjected to 
vaccination by means of a heterologous vaccine characterized by the same subtype of viral 
haemagglutinin HAx and a different subtype of neuraminidase NAz." The invention is based on the 
surprising finding that, vaccination with a heterologous vaccine still permits limited replication of 
the infecting field virus strain in the vaccinated bird. This minimal degree of replication is 
sufficient to generate detectable levels of antibody against the neuraminidase subtype of the field 
strain without compromising the health of the animal. 

As discussed in the specification, one major problem with bird vaccination was the 
discrimination between birds which have merely been vaccinated and those which have been 
vaccinated but subsequently exposed to the live filed virus (i.e., the epidemic strain). The 
identification, and subsequent extermination, of the latter vaccinated, exposed birds is essential in 
the effective control of the spread of avian influenza, since they can act as "healthy carriers of the 
live field virus, thus leading to further outbreaks of infection. See page 8, line 10 to page 9, line 2 
of the specification. 

However, due to the characteristics of the viral replication cycle and the occurrence of cross- 
reactions among different types of neuraminidases, a person of ordinary skill in the art would not 
have understood that an antigen binding test for neuraminidase would confer sufficient sensitivity 
and specificity at the time of filing the present application. In addition, it was unpredicatable 
whether vaccine-induced neuraminidase antibodies would interfere with the production of anti- 
neuraminidase antibodies following subsequent infection with the field virus strain. The cited 
references are completely silent about diagnosing viral infection in vaccinated animals, let alone 
direct a person of ordinary skill in the art to develop a method claimed in the present application. 

Accordingly, Applicants respectfully submit that Capua and Van de Perre, alone or in 
combination, do not render the claimed methods obvious. Applicants respectfully request that the 
35 U.S.C. § 103 rejection be withdrawn. 
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CONCLUSION 

In view of the above, each of the presently pending claims in this application is believed 
to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 
withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 
determined that a telephone conference would expedite the prosecution of this application, the 
Examiner is invited to telephone the undersigned at the number given below. 

In the event the U.S. Patent and Trademark office determines that an extension and/or 
other relief is required, applicant petitions for any required relief including extensions of time and 
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 
with the filing of this document to Deposit Account No. 03-1952 referencing docket no. 
404172000300 . However, the Commissioner is not authorized to charge the cost of the issue fee to 
the Deposit Account. 

Dated: November 13, 2008 Respectfully submitted, 

By Electronic Signature: /Jian Xiao/ 
Jian Xiao 

Registration No.: 55,748 
MORRISON & FOERSTER LLP 
755 Page Mill Road 
Palo Alto, California 94304-1018 
(650) 813-5736 
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934 Collflga Staiiott Rwd, Athani 6" nrijia 30BQ5, umtan araw!, u, 



some H5 and H7 suhtypes of type * '™^3E (MP) and produce .either 
War. most Al virus strain* are % ■ ■»*»¥ «* ' 

subclinical infections or n^ry *d/ ^^^^n influenza U ■ Urt A 
dDmBS ti C *nd ^■^'^^^S^ MPAI is neither a Ust A 
disease Of the Offi^'J^riiatwwrt des Ep*MJ , dQcumentBd sinC e the 

nor Ust B d seasB. Eighteen oirtbrealcs or nm »i 

SScr, DTA1 esthe "^^^£25 tai wild aqUa tic bird 
Mildly pyogenic avian influenza ^"^J^^l^^uaiffBB^ 
rssewDirs', occasionally *J*J^ e ^SS^™6s dc. Sot hav* a 

Df nfld disease. Highly V^^^^^^^^ dM ^ ■ 
recognised wild bird resarvoir, but oa » ojjji JJJJJ ; avian influen2a vj ruses 

doling vvithHPAl. Control progra^ 

Infection, era not an acceptable wrthad ' ™ ™*£ JL H ^ ' tt) dMl wttn M PAI 
during some outbreaks of MP* "J" ."^E^^^crf,*. ^ arantine 
or HPAl kudu* ■r^in" ttS^TSS^^ and eradication 
and depopulation. Vaccination nas bean usea ™ 
programmes for Al, 

• "srsi-- - ™ ps* - a* - Hi9hiv pathQ9enio avian lnflueraa " 

Orthomyxoviruses. 



Introduction 



History 



Highly pyogenic (HP) avian fcOueua (£0 is ^ ottremriy . 

monaliLy and necrotic, haemorrhage or taQar™? 
lesions tomulfiplevisceialovgEfns. the brain and sto (4, 103J. 
■HmMy pailiogdnic aviau influenza and fowl plague 

synoriymous terms, the knar being the historic* deacon . «HbWons and snows, wu*« » 

fc* the dfeasa ddgbniDy described to d0tn£SCiC ^ ( f ^derruc in domestic poultry unttl th* 1930s, ta 

■ mted TOme for the disease in all bird spwn (12. 73). . ^ ig35 was ^ ^ ufcnrffcd and 

3pl a ff«li«l«nla^lV^^ in ^^^ SfiedTlypa I mm*™ virus (orthomyxovirus), and 

^ a*-nO. S^.rr^d^SS £S£2^ ofl^loO— vta-s that — .y 
Brunswick disease; fowl disease; and fowl or bird grtppe uoj. 
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infected humans, pigs and' horses (82). From the 1960s 



turkeys with milder disease (Le-notL-fcwlplagae^tidrDmes), 
and these viruses were termed mildly pathogenic (MP) Al _ 
viruses or AI viruses othw pathogenicity Q08). The agar gel 
mununodiffusion (AGED .lest hecaroe the tatemadonal 
standard for serological diagnosis and surveillance (16). In 
1972, wnd waterfowl nf rhe order Anserfforacs (ducks and 
geese,) we demonstrated to be a principal reservoir and the 
natural host for MPAI viruses (90). In 1979. the cleavah'iUty of 
ihe haemaggluliain (HA) protein, was idenriBtd as the major 
determinant of virulence in HPAI viruses CD. In 1381. the 
first- •tatemadonsl Symposium, on avian influenza, was 
convened in BeltsviEe, Maryland. United States of Amtaica 
(USA), and the term ■fowlptague' Was ahandooed For the mote 
a" (12). 



" Avian influenza virus . : 

Description of the aetiological agent 

Avian influenza viruses are negative -sense, segmented, 
• -ribonucleic add viruses of the, family OrihoinyxDviridaei Hie 
Orthomyxovindae family includes several segmented viruses 
including the Type A, B and C influenza viruses. The Type A 
influenza viruses, which include all Al viruses, can infect a 
wide variety of animals including wM ducks, chickens, 
turkeys, pigs, horses, mink, seals arid hura'ans. The typeB and 
C viruses primarily infect only humans and occasionally pigs. 
•The different types of influenza -viruses' can he diffe rentiate d 
serologically based on antigenic differences to. the conserved 
'internal proteins,' primarily the nucleoproteki and matrix 
genes, using the AGID test (16). 

.' Type A induercza. viruses have eighl gene segments thaL 
encode ten. different proteins (55). The proteins can be • 
divided into surface proteins and internal 1 proteins. The 
surface proteins include the HA, neuraminidase (NA) and 
matrix 2 proteins. The HA and NA proteins provide the most 
important antigenic sites for the production of a protective 
immune reisponse. : ■primarily - in'-me' tbnn :of neutralising' 
antibody. However^ these proteins have large antigenic 

. variation,- with fifteen HA. and nine NA subtypes being 
recognised, based on rkemaggllutrfladon-inliihition (HI) and 
neuranTinldase^nhtbition (Nl) tests, respectively. The internal 
proteins include the polymerase complex, including the three 

1 polymerase proteins (PB1 V PB2 and PA), the nudeoprotern, 
the matrix 1 protein, and non-structural proteins 1 and 2. 



~V pfinittDn-of "p athogenicity- 

The pathogenicity of individual AI viruses varies and should 
be- determined in order to develop prevention, connql and 
eradication strategies. The usage of the term. HP implies that 



igbly virulent for chickens arid has beei 
s meet one or more of the following thra 
criteria (72 v 115): 

$ my infLhenza virus that is lethal for six, seven or eight- o 
eight (£7?.%) four- to six-week-old susceptible chickens 
within ten days following Intravenous Inoculation, with 02 rd . 
ofaiao dilution ofabai^r^^^ 
\ b) any H5 or H7 virus that does not Wet the criteria in a), 
but has aniamino acid sequence at the HA cleavage 1 site thatis 
compatible with HPAI viruses ~ 

c) any influenza virus that is not an H5 or H7 subtype and 
that Wl!s one to five of dghthioailatEd chickens and grows in 
■ cell cukuie in the. absence of trypsin, • . 

Fulfihnent of one or more of the above criteria would 
categorise the virus as an HPAI virus. In contrast, Al viruses 
that lack thes e three criteria are categorised as TAon-HPAI, and 
include Al viruses historically designated as MP, 
non-pathogerric, not pathogenic or of low pathogenicity, 
based on <75% lethality in experimental Studies With 
chickens. 'Non-pathngenic' or 'not pathogenic" are. usually 
. used to denote strains that cause no clinical signs -or deaths in 
" experirnentally inoculated chickens, while designations of MP ■ 
or of low pathogenicity have been used to signify Al vims 
Strains that typically caused some clinical signs, but mortality 
oFless than 75% in ejqperunencal studies yrfth" chickens (one 
to five of eight inoculated chickens). Noa-BPAI viral strains 
comprise all Al viruses of the Hl-4. H6, and H8-L5 subtypes, 
and most of those oE H5 .and H7 subtypes. Only a small 
number of Al viruses of the H5 and H7 HA ■subtypes have 
been HPAI viruses. Historically, 'fowl plague? was associated 
only wMi-the H7 HA subtype. The outbreak of 1S59 among . • 
chickens in Scotland was the Erst documentation or an HPAI . 
virus of ihe-H5 subtype (Table D. 

The definition of AI adopted by the European Union (EU) is- 
as follows; 'Avian Influenza' means an infection of poultry 
caused by an influenza A virus -which has an intravenous 
pathogenicity index/in sbc-week-old chickens greater than 11 
or any infectiorl with influenza A vimses of H5 or H7 subtype 
for which .nucleotide .ser^endng has demonstrated the 
presence of multiple basic amino acids at the cleavage site ol 
' the HA (5). ' • : 

The phrase 'highly pathogenic for chickens' does not indicate 
or irrrply that the AI virus strain is HP for other birds species, . 
especially wild ducks or geese (Xnierifon™*). However, if a 
virus is HP for chickens, the virus will usually be .HP foT other- 
birds Within the order GdU/onnes, fenmyPtioStWoe.suchas 
turkeys (Meleogris gaClapaya) and Japanese quail (CbtuntuC 
JflpotiitM) (8). To date, HPAI viruses' for chickens are gewraLly 
^n-pathogenicJor-dudcs.^d^eMe.}n^e™ental stu^es__ 
(8, 35). Non-HPAl or MPAI viruses have been isoktedTrom 
domestic ducks and geese in association with disease (.usually 
respiratory disease), and mild-tc-moderate morality. 
However, these AT viruses do not produce high, mortality in- 
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lh high Mortality or dapnpulatBd w 



Suhlyps Type wid number «f birds 



A/cbickati/ScotlaraJ/S9 
A/iem/Soa.th/irlcn/Bl 



A/lu*«vA)iitario/7732/BB 

A/chicta/Victoiia/76 

A/turk8yyEnglanid/1S9/7a 

A/thida»/Pe™SYi»8i lia / ia 7 ( V B3 

A/turk»y/lfel«fid/137B/aa 

A/thidai)/Wi:l£ifWB5. 

A/Uifkey/EDgland/SO-SS/ai - 
A/ch!dan/VicJortaVa2 ' 
A/diid;flil/QuBflnE]and/95 

A/chii±BnyQuBratafi)/M5Sa-l9/95 



H5N3 
H7N3 . 
H5N9 



H5N1 
H7M3 
H7N3 ■ 
H5N2 

HJN3 

KSN1 



is, BSJiOO braflars and 116.518 



A/cWttenfltoi/ South Walfis/1S5t/s7 H7N4 
Vthi(±B^taly^3D/a7 H5N2 



Whirtey/lteIy/39 



25,000 laying dWta*t>jBDbftflW ml 16.PQDd.icl8 (Awpbfl*m«*>« 
3 conmareU! farms rfrtiW nurnbar birfcaffartBd not reported 
17 million bird* Id 452 fata must were chickens clwkar 

600 meal W rSad or, oriflirml teW "J&j^^ 
270,000 docks ym dapopulaled gp i*Bl»jH"*i« ta,, j 
Z4,OOOhrail9rb»adafi,Z7^00teY»n9et """" " 
chiElansoriliisiaelfiBdiypfl 
-a,0Q0tutays 

12,700 broiler breads smt BJOtt ducte 
22,000 tying chickens 
Chickens <*> 

3.2 ndlUan broilers and broiler braadar dickens M 

12H.0D0 broiler breeders, 3100D btotlBrsani 261 srnn (r 
■ and 1 pheasant fsgaciEsantauWn) . 
577 backyard piwltoy and 2flnc*trichas' 



11,113 • 
3,6 
34. 114 

4. SI 

14,28 



•ApaoufaiaiflorArnlSffilhrau^conViiltadmitoriDll. .i-wirfirtmiriilllBW^ 
.^'-..^-nltt.eirterBjfBtledOfdarMputand. • 

been reported to "be HP for chickens, ^ 
Sch/Sm^y/Tl (H7HU A^lI/G^y/79 
CH7N7) (4). The origin of live former vims Temam unclear, 
boxthekoBT wpcB«IbV tee result of sprad to poultry, as . 
outbreaks . ocourKd-m Eastern J^'? ^J^' 
CDJ. Alexander, phonal caiimaurucatlrm. ^^f"" 
\ 9 99-) Trk'reeeht outbreaks of HPAlhave occurred in. North 

HPA1 outbreaks had been reported in Africa. and South- 
America (33, 98). No outbreaks have been reported in. 
Am^cdca. Although serological "evidence of infect-van by Ai 
viruses has been reported for penguins, such infections were 
. most probably not from HPAl viruses (67).. 



. exritrimental studies with diickens, ducks or geese (4). In one 
report, an H5tft AI virus was Isolated' from a sick domestic 
goose in die People's Republic or China and the virus was HP 

• for chickens based on the sequence of the viral HA proteolytic 

. Overview. of highly pathogenic 
avian influenza : .' " 

Outbreaks since 1955 

Eehreer, outbreaks or HPAI have been documented in the 

Xuzavlmsesas d^ cau.eof HPAT in 1955 C4,76).Th* 
includes seventeen outbreaks in domestic poultry and one in 
wild common terns (Sterna Mrundo) CBibk I), tn addition, 
two Al virus strains recovered from non-domestic birds have 



Hiehlv pathogenic, avian influenza ^"nt^«i^mic-~to 
comrirdal domestic poultry, but has produced 
locaVrcgional epizootics in chickens and turkeys on large 
commercial farms, in meat and breeder turkeys on smaller 
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commercial Farms, and in poultry on farms and in retail- 
Jacilities'lhal provide poultry For the live-bird market system.. 
(Table 1). £>f the seventeen HPAI outbreaks which have' 
occurred in poultry since 19S5," seven have affected over 
100 OOD Birds each, while the remaining ten afkcled less thro 
lOo'oQD birds each (Table I)'. to sixteen outbreaks^ HPAI 
viruses were eliminated and to the .current HTN 1 outbreak in 
Italy eradication is underway. The total number of domestic 
poiikry aflected by HPAI has been a small percentage of the 
mcalvmrldpontayproSuaion of 22 billion -birds per year, or 
approximately 750 billion birds since 1955.. ^ 

Impact on trade 

Assessment of pamogeokky .of a newly Isolated Al yims is 
critical for d^vebpment of appropriate control strategies and 
to assess die impact ontotemational trade. Highly pathogenic 
avian inluenza is a List A disease of Office International des 
Epizooiies (OlE) and has' been used as a legitimate ttade 
barrier to "■—■-—'—«<-» «- f™™ inhmduetion of an 



documented from five continents tadudmg North An^, 
SS. Asia, Africa and Australia; (19. 52. 60, 67 90. -94, 
101. 112). Serological evidence bashlso bcm reported m wild 
< birds tmm Antarctica (67).- ■ j 

3d Slidudmg dudS ' f"* "** other 

rlS(50 90). Many of uraebiitfs undergo annual long 
• SSfrSiis. rl wild bird reservoir is ^ *e 
; oripnal source of all viral genes', for both aw and 
1 Saltan lineages of influenza viruses. For eKunpk all; 
SStt*d rine NA, subtypes of influx have been 
Stotild birds 0215. ^^^ot^fnS 
different orders of birds nave been reported to be natniaHy 
. oOierent orooa « ™ r i, ;„ fhimza. viruses, but the 



» protect CDimtnes or TCgions trom mnuuuiAiu» — 
exotic or foreign poulny disease, U. HPAI'. However, reports 
of isolation of MPA1 viruses from domestic andnorwkimestic 
birds, or serological evidence of .Al virus infection in 
non-poultry species have been used by some countries as 
non-tariff trade barrios for limiting importation of poultry 
and poultry products. Mildly pathogenic avian Influenza is 
neither aLSst A nora IistB disease of the DIE. 



Ecology 



Influenza viruses in birds and mammals 

Influenza viruses can infect a wide variety of birds and . 
mammals, thus demonstrating an unusually wide host range. 
While influenza appears to he we! adapted to the natural host 
(wild aquatic birds), causing little, if any disease, when 
influenza viruses infect non-host species,, disease can -often 
result, Serious disease .outbreaks have been reported tor- 
poultry species, primarily chickens and turkeys, as well as 
mammalian species such as pigs, horses, mink, seals and 
humans. Although Influenza viruses which become better 
adapted for 'a particular .species, are considered to he 
paihogens of that species only, numerous exceptions have 
bccLirted. -For example,- dassic-HlNl swine influenza Erases, 
generally only infect pigs; hut this lineage of virus has been 
known to infect "hinnans and.tuiteys, often causing serious 
disease .(10, 42, 126). The generic determinants for species 
specificity of different influenza viruses are cdirenrly not 
known, although multiple genes appear to play some rale, to 
•• '"2, 111). 



orders Ansenfonnes and -Oiari^tfmj? .»»■ ■ 
jtorfonm include ducks geese .and swans and 
aJ&%«*u* include gttHs, ■ terns, sutiblrds and 
Sipers.-Aldiough influenza viruses occur fflB^ to 
£££ of birds, most epidemiological smetohavabea 
conducted on mallard ducks (B6, 87 90.95,112). Akhough 
Zm Viruses can be detected in ducks at most times of the 
^ith^ghest percentage «f 

5 the ^subtypes have been tasted from wild ducks, "but 
certain HA and *A subtypes appear to ™ much more 
Lniendv mduding the HA subtypes H3, H6 and H4, and 
• » "* N6 <- B7 } however Ifc 

Z~ 0 7l& subtype that is isolated can vary 
SSgonthe&ne of year when the samples are taken, 



Although influenza viruses can infect large numbers of w»d - 
v^erfoWl, infection usually only Ponces an 
Seric infection (26, '51. 119). ^Kcted birds can produce 
kr^amVunts ofvjrus, often defecated directly into the water^ 
CSii environmenc appears to he 

method oEoansmdssion of virus to suscepnhle 
wild buds or to domestic birds which share die same 
environment. Water contaminated with Al virus 
of infect wild ducks has been a: source of infection for 



Mildly pathogenic avian influenza viruses in 
wil d birds 



/|IUUII U> _ 

In "contrast to the geogta^ntotty restricted and;"liifnt<ai 
number of outbreaks due to HFAI viruses,' MP .(non-HP) Ai 
viruses are world-wide in distribution, predominantly 
infeamga variety ofwudbird species, but also some domestic 
birds. Isolation of influenza from, wild buds has been 



Mildly pathogenic avian influenza in domestic 
hirds 

Chickens and turkeys are not "natural host species for AT- 
vSxSntwo differed studies of wdd . turteys, 
SL» of infection was observed (29, ^^2fiJ 
comparable studies have been performed on ^l^fowl. 
the ancestor of modem chickens, this specteS *.^£V£ 
h .^t^JMtom^af^^ 
enWronment. Although chickens and turkeys are ^ » 
Hosts for Al viruses, drese birds can readily become infecKd. 
with the virus. The direct transmission oF ^n^enza^ruses 
tro m migrating waterfowl to range-rcared turteys has hecn 
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topliotcd as a cnmrnon source of infection in the USA {41X 
an d probably dso.ptaj* a major rdc f ^mtav^oa of Al 9 
cSnS. However, trararrasior, of ito hm «M 
TOfovTl to chickens and turlceys may also occur through 
radiates tn particular domestic dncks and gee* that are 
So "arKd in Close nssodauou v4th chickens «i 
SSs One, Influenza viruses have been Innoduad mto 
poultry op« a .don S ,. t h e .vir U s can often spread 
S^^wlomtior^ or b £ maintained forfongpenods of 
■ ltat(33.l09). 

ta addition to thickens and turkeys. MPAt viruses have ten ' 
from domestic duck* doruestic and 

Pathogenic avian influenza virus infections m toe tan* two 
S of birds have been detected most frequently m 

respiratory disease with mortality have been reported {J, 
S. Tmsrnissbn of AT viruses in poultry » through 
respiratory secretions and faeces. 



Hinhlv pathogenic avian influenza viruses 

No wild bird reservoir has been identified for HPAI vW 
ScepL for the single outbreak of HPAI in 
£»h Africa aable 1). HPAI has been raidy 
tad birds even on larrm. experiencing outbreaks of -HPA1 m 
rcSe^poul^C70).E X ter^vesorvey S rorAlvin^^ 
£L. of waUwl in North America have itajBcd 
£housands of Al viruses, aUM? viruses (4). In ° 
^Pennsylvania and 1994-1995 m Mexico, HPA1 
JaLfoSthernutationof H5 
circulated widely in domestic poultry (49; 75). An 
e^erirnerKal chi^enewbryomodelbasshown tbat someH5 
SStt*! viruses can rnuxare to fonuHPAl *« 
Ve similar palhobiologfoally and nearly to HPA1 add 
virus C107); This data suggests that HPA1 viruses arise ya 

tidily itoSi - HPA1 * wild bird P»P^«J 
HoJver, this does not preclude thai small groups of 
• SrcouV serve as reservoirs of HPAI viruses denved tor* 
poultry. 



often vJith rapid death. ... 

:8«SS3B3rS ^ 

103). 

Clinical eIbus _ ^ dtad 

Whfe«d»^ E «"»™f „ , a F 54 as, 9B ). Close 

• c lungs (98). 



Gross observations a* 

irifected wthHPAl virasesf. 



The infection and disease ■ 

' Most HPA1 virus -strains rrom domesric poultry have been 
Sed from turkeys and chicle.; but irto, 

and high mototty have beer, reported in d.verse genera 
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is fluid audblood (Fig. la) (24, 99). Oedema of thebrain 



^□daLedmOammflCi^ haemorrhage and oedema' (44). The 
£Lr the birds survive,., the. mow prominent the 
iuu B ^ ^ prominent, the necrosis- or 



'During the acute stages of infection with death (days three to 
Kfiecnon), chickens have uBU fcta ^esuon 
.Lbc cyanosis of the comb and wattle, and ^]^ s ; 
tspedally promW from periorbital, ^'i™^^ 
raL^oedezna^g. lb)<l, 44,^,103^^ 
' Dro iiuc*dflypeiaerrua.sr^^ 
and trachea' W to tirds which die, f»*dl«Pf 
andhaeiDorrhage reoccur (44). Lesions a* wromonin foe 
. . i .... -f-n.. j_ -J^if Jivicpti't. raid tachide 



• Lesions are most prominent -in the brain, heart, pancr^ 

to most visceral organs'. Typical to include - 
LphXtiocydc meningo^phalkis ^J^> £ 
S rareftcatioi, widespread caseous necro* ; rfthe 
■ rTancteas dermal vascuhns with thrombosis and mfhrcoon 
pancreas, ,w ^^^.^ with hyahn necrosis of 



sp** — ° , . . grirregr dermal vascupns wiul miumv*— - i 

_ _ 3 nsarecommon.toime pant^, _ myocarditis -with hyaHn necrosis of 

espedally in'aduk chickens, and fodnde lymphocytic apoptosis of primary ^aud 

petecVda^^chymork haemorrhages, .swelhng .from ^™ tissues. Tb, cefe that ^.necmac have 

i . . __ J /^ar^T»«>n nark t 



l^phocytesdanathavederr^trabteAl^laTms.r, , 



petecraaHn-eeeaymooc na^mem*^, , TT^ f 
oedema and eventually depressed dark red-to^ne areas of 
ischaemic necrosis as the result of vascular Infarction (Figs lc 
and Id). Subcutaneous haemorrhages and oedema .may at 
present around the hock, on the shanks and feet (Hg. le) and 

^^XTIS^SSS&t ^ Epidemiology and diagnostic 

with gektinous oedema. OFtg. ID (103). VnM- 
W-eechymocic haemorrhages may be present in mulnple 
visceral or^ns or on Che serosal surface, such as the 
epicardium of the heart (Fig. lg), serosa of small uuesune, 
abdonnnal Fat. serosa of seraum, caecal tonsils, MeCkels 



' (Fig. Ih), prnventriouois around the ^adnkr dncts » 
between Elands (Fig. li). under tbecutick of the ventnctflus 
^TSSta 'Sons of skeletal, rausde. Primary ■ 
lymphoid organs sach as doacal bursae and thyrrmses arc 
severely atrophic, while the spleen maybe normal in size or 
enlarged. Occasionally, spleens have white fed of necrosis. 
■Out pancreas may have red to light orange to browaraotnrng 
(44). Ruptured ova with -yolk peritonitis' have been reported . 
in layers and broilers and turkey breeders (1, 5B). 

. Histopathology and immunohistochemical 
localisation of the virus 

Histological ksiotis usually vary in -severity and location, but . 
. typicaUy.tadude.necrosis, haemorrhage and/or irJlannnadon 

within mukiple visceral organs; especially the hean OFfeTj), 
■ brain CFig. Ik), adrenal andpanoreas (Hg. 13); smdskm (1, 54 
' 64 103 U7). Variation in the difmbuttoh and seventy of 

lesions is the result of differences between strains of HPA1 

vims and spedes of bird. 



tests 

A disease outbreak is usually the Brst indication or an infection 

Ss^nd dhect anngen detection ta often used to detect 
SeoteTiocks (108) Isolation of Influenza vm^^ bem 
"Si bv direct inoculation of nine- to eleven-day-old 
achieved ny cnicu. i^maoenates from the tone. 



In peia'cute deaths caused ' by HPA1 viruses, necrosis and 

srr^nfr^r^s-s^-- -— 

are necrosis, and to a lesser extent, apoptotlc cell deadl With inOmouaL n .. w 



X» nave been v^Jf^ZSiL 

^v-riles "however fauures have occurred due to hactenal or 
S P £r£rSn, incorrecfstorase C-^^^Q 
Wples or sample numbers, or because, the mfected b«ds 
wimpled air viral shedding had ceased. Out* ^ 
tobeenLlated, the HA and NA subtypes are determined 
S^gTeHlandrntestsaOS).^^^^ 

p^vionsly descrihed standardised intravenous pathogenicity 
• test (115)-' 

■Following diagnosis of an outbreak" or influenza', efforts to " 
Iwle outbreak rely upon epidemiological trackmg to 

^Thas been disseminated. Since influenaa cruses can 



HFA1 Virus replicates in me_vascuiM a^u™- 
(Fig. Lm) and cardiac myocytes (Fig. In),- causing genemiised 
■cell death (99) 
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selected' from a suspect * e "ri» a« J««d *uh* 

type-spedfir influenza detection test. Two afferent tests ; are 
prtanOy used for the detection or type-specific anubodles; 
Lading the AGID and fee enzyme-linked immunosorbent 
as say(EUSA). 

The AGED test 'uses influenza 'antigens derived from the ' 
•chorioalkwok - membranes from" infected embryonated 

ducken eggs, and antibodies to both the nucleoprotein ahd 
. matrix 1 Al viral proteins arc . detected (16). The mam 
■ advantages of the AG1D test is that the test is- relatively simple 

to perform and requires no sophisticated equipment. . 

However, the AG© test is not 85 sensitive as the EUSA and 

typically retires an incubation step of two days before the 

Tesulls can be determined (63, 91). 

Several different types ol EUSA have been developed 
induding two commercial Indirect HISAs for chickens, and- 
(Ximpendve ELISAs fsr all bird species (IB, 130). Both tests 
rely upon the detection of antibody against nudeoprotrin. 
The indirect EUSA uses puri Red nudeoprotrin as the. antigen 

• bound to the EL1SA plate, the test serum is applied and any 
anri-nndeopTotem.antilwdy present Witt bind to the antigen 
and will not be removed during the washing Steps. A 
secondary antibody specific for the animal being tested is 

the hound antibody 0, 63). The competitive EUSA is jrimilar 
to the indirect assay in thai, the nuckoptotdn antigen is 
bound to the ELJSA plate, bnt the test serum competes for 
brnding to the nudeoprotein with an. anti-nncleonrotein. 
• rnonodonai antibody. The enzyme : linked secondary 
antibody is specific for the monodonal antibody, and the 
. results of the test are inversely related to the strength of the 
' colohmetric reaction (85, 130). The primary advantage of this 
test is that any antibody subtype can be detected" and sera 
from almost any bird or mammal spedes can be tested • 

If positive type A influenza serum samples are" found, the 
samples are further tested to determine die HA and.NA 
subtype specificity or the antibody response -with me HI and 
NI tests' using a panel of reagents to differentiate the fifteen UA- 
and nine' NA subtypes (1DB). The detenninaaou of the HA 

• and NA subtypes of the inteenhg virus provides additional 
confirmation of the outbreak virus and provides a convenient 
tracking tooL In some cases, only the HA subtyping test is 
necessary if an epizootic or a taiwn subtype is occurring. 

" Serological tests on a flock basis are considered a useful tool 
. far- determining whether a -flock has been infected With 
influenza.- but serological tests may rniss a recent Bock 
" mTecctoV because-' a' -measurable -antibody- titre- doeS-not 

. . , ,1 -V'_ ! r»]„ iiicpU- H DRV An 



allows for these naive birds tobe monitored by vims isolation • 



ToTecnon, beratise- a -measuraoie --4iiuuuv;r- 
develop ' until after approximijtdy one- week (108). An 
alternative method to determine if a Elock of birds is still 
actively shedding virus 'Is to introduce sentinel birds into the 
[lock Sentind birds are spedTiC-pau-UDgen-free (SPF) burns 
susceptible to influenza or another pathogenic organism that 



' An altEmatlve test which is used in conjunction with the 
serological* tests is the 'antigen capture EUSA, This " ' 
'commercially available, diagnostic, test can detect. Type A 
' influenza viral nudeoprotein directly from eMail samples, . 
. usually from' fl doacal 6r tracheal swab. The test prbvides a , 
lanldandsimpk tcst to provide field identiacanon of infected I 
birds (30). However, the test will not differentiate -Al viruses 
by HA or NA subtype and the cost per test is relatively high 
compared to other diagnostic tests. 

• Current evaluations of mlluenza disease outbreaks often rely - 

• uponseqrumctagofmulr^lege^^ 
i^orroationprovid^ several important pieces of information, 
some of *hich cannot he determined by any other method 
The sequence data has two primary- uses, firstly the. 
determination or the rdationships of the virus to previous or 
concurrEnt outbreaks can be detfcrtmned. Although toe HA 
and NA subtyping test car, provide important dues about the 
parentage of a virus, outbreaks with no direct classic 
epidemiological links cannot be unambiguously decerromed. 
For example, three separate H5M2 outbreaks have occurred 
in North America in the 1980s and 1990s, and phylo 6 erietk 
analysis o£ multiple genes demonstrates that these outbreaks -. 
vijiteresuk of separate introductions of vhus (Hg. 2) (37). 
Phyjogenetic analysis and "the use of direct, -sequence 
comparisons between isolates to identify unique sequence 
markers provide the most detailed e^mmation of inttuenza 
viruses. It is also imponatii to evaluate .multiple genes, since 
Influenza viruses are segmented and reassert commonly. Two 
viruses with ihe same HA gene may have .dlDeral internal 
genes (37. 100). 

The second prinripal reason to sequence influenza isolates is 
to detennine virulence traits fan nudeoiide sequences, 
which is the basis of criterion J>, in the section 'Pathogenicity . 
deterrnirMiorf, for defining HPAI viruses. Currently, only 
me HA deavage site can be evaluated In this way, but. 
. additional virulence genotypes should eventually become 
available. The sequence or the HA deavage is most important 
for the evaluation oI influenza viruses or the H5 and H7 
subtypes, the only subtypes associated with the HP form of 
the Virus. If multiple basic amino £(rids are present at the HA 
Cleavage Site, this indicates the potential Tor the virus to be HP 
or to become HP. and necessitates n -more vigorous amuul 
programme. 

Differentiation from closely relatedagents 

The piously described clffi^TSiffiWC^T^''^-- 
teofogical le Jons are not diagnostic Q r WAX (108). Sfan.br 
toes and lesions have been reported for highly vnuta* 
forms of Newcastfe disease (vdogeme Newcastle disease) and 
• occasional acute cases of bacterial septicaemia, especially 
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jL cic/PBnn$yIwnia/1^3 
Ji_ Ck/Pdnnsylratiia/I 370 / 33 
. -WVA/69B2/B3 . 
fk W21B33/84 . 
Tl CWA/lOOia/84 

- Ct/FA/1DZ10/BB 

Ck/R/277lB-2/9S . ■ 

_ " cicya/25D7/aa 

JiManl/Wurenao/SVre 
HVWI/EB 

^— TY/Onlario/7732/66 

L EmU/Tx/aa^S 
Ck/RJ257lWa3 

. tt/Jatlscn/14S85-660/94 

fl_ Ck/0tfarataro/7E53-2D/S5 

J k cytoaCriii/2BlS9-39B/3S 
"1 £ CV/Q«9ratBto/2BE54-1373/a4 
U- 0^^/31381-7/94 

Ck/Puabto/l i lSB5-622/3<l 
Oc/PJEiils/WSBS-854/94 

Ck/PU2bl3/B624-fi04/S4 



Meiaco/Jl 

"If « 



■ K— 0; 



Ok/Michlgsm/Bn 
MaIlani/Wl/944/8Z 
^ HC/MN/36BS-1S51/B1 
| wr *l Ma)|ard/0hi 0 /34S/8B 



Th Jt^B cerifii^Ll u 5 tng ihs pfiyJogenBlic analysis using parsimony tfAUPl i1 ^^fXS^f viwses are piasented to the tree mcJudina iha 



Vitus isolates must T* distinguished From all other 
quires the EdlQWtag: ' TeSscS, Ncv/caste disease Vtvus and other «»a 

b) detsrmumtlonorpathogstiicity- 
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Diagnosis- bm be complicated- by the presence^ other 
^rWarisms. such as mycoplasmas. Standard labomiDiy 



irA^a-organisms. suen as mycopti«m». — 

techniques using specific audsera to neutralise other WusfiS 
' DI mdUodes to 'control bacterial growth are helpful m such 
^nations. aassiWonofAl viruses as HPAl viruses xemiires 
inoculation odsusceprible chickens and production cfe75% 
morality, sequencing o[ the HA cleavage site to tfenttiy 
multiple basic amino acids, or production oF cytopauucettect 
ja tissue culture without exogenous trypsin (115). 

: Public health implications 

Influenza viruses are adapted to a host species with 
cansmissibn cccirrring most freouendy and with ease 
. heweeftmdiwiualsof tbesam^^aes, sari as mrsmteaon 
from human to human, pig to pig and chicken to chicken 
C1D5). Incerspedes. transmission of influenza occurs, most 
easily and frequently between two closely related host species . 
^here adaptation process w a new host can occur rapidly 
e g nansmission from chicken to turkey or chicken to qua* 
(105). lnrerspedes rrarisrmssion between mammals ^dbsrds 
.has occarred rarely,' examples are [jansmissioii from chicken 
W human or wttd waterfowl to. pig. The majority , of .such 
' transfer have produced single or isolated cases of mfecnon 
with eBrmnauou from die- population before adaptauon or 
reassorttneni withhost adapted Influenza viruses can occur m 
■ " the new host population. One exception to the adaptation 
' role has been the ease and frequency oE transfer of swine 
H1N1' viruses to turkey breeder hens (66). but these arc 
sporadic occurrences and have involved only MPAI viruses. 
Other factors, such. as.. geographic restriction, intermixing of 
species, age and -density of birds, weather and- temperature 
also affect the ability of the Al virus to move within and . 
between host species .and affect, the. overall incidence of 
infections (105). 

Three pandemics of influenza have occurred in the human 

■ population during this century, in 1918 (H1N1). 1957 
ftQN2) and 1968 CH3N2) (BOX The immediate source of the. 
iauuenza viiuses Is unknown,' but molecular data suggests 
owt some or the influenza, genes originated from. the. Al 
Renctic reservoir. ' and recombmcd , with existing 

■ human-adapced iruluenza ^viruses -(80,. 121>.-.These AI £enes. 
reassoned with genes from existing human-adapted influenza 
viruses to create new influenza, viruses that were adapted 
rapidly, to the human host and exposed to an 
ioummologicallynawapopulanorL ■ 

Four incidences have been documented. of single cases c 
_ S maU clusters nfer" *•* ™<™*>*™ £ 



small clusters of cases demonstrating arc^ u^^o^ - 
'"'mauer^'^rjs^ from birds to nuraar^;T2ieurst was^owl 
pkg^Aike vims (H7N7). isolated in 1959 from a 
forty-six-year-old man with hepatitis, following his return 
from a two month crip overseas. The Virus was HP for 
chickens, but was only moderately padiagenic for the wan, 
v/ho recovered (31). The second case was repotted -as 



conjunctivitis caused by an. MPA1 virus OI7N7), in a .• 
^□ny-three-year-old woman 03, 55); The woman tended 
ducks d>at shared a lake with feral wateTfowL Tha illness was 
mud and the woman recovered completely. The- third 
incident involved infection and hospitalisation of eighteen 
human patients following infections by HPA1 viruses (H5N1) 
ft-HongKong during 1997 (20, 38, 99, 129). The pauents . 
ranged in age from one- to' sixtVryears^ld and. six patients 
died during hospitalisation. Serological evidence of infection 
in asymptomatic poultry farmers, was reported but . the 
mfecrion rate was, low. The live: poultry markets and farms m 
Hone Kong wore depopulated of- 1.4 million chickens and . 
other poultry at the end of 1997 (76). This action prevented 
father cases of- AT in. hnroans/.and probably avertad a 
recornbtamon event between the avian and human influenza 
sirains or adaptation 6ftheH5Nl Al virus to humans. In the 
case-conttolled study (68). exposure to live poultry a week 
before- illness was associated with fce-HSNl influenza, but 
. eating or preparing poultry products was not associated with 
H5N1 influenza. The fourth, incident of direct transmission or 
Al viruses from birds to humahs involved .infection of seven 
Mdividuals with MPAI.CH9N2); two children in Hong Kong . 
and live patients m the People's Bepublk . of China were 
affected (25, 74). All patients recovered. In these four 
taridences oC'tmusmission of Al to humans,' the inFfoerra . 
viruses that infected the humans had. all eight genes of avian . 
oriedn but transmission was limued because or inefficient 
spread from human to human. Transmission was probably 
tomaenKole^ietoMghleVe^ • 
secretions or faeces of the poultry and not from preparing or 
consuming poultry meat or products. . 

■ These occurrences emphasise the interspecies transmission 
• potential of some Al viruses. However, the baaOm&u 
Lead of 'influenza viruses between humans, and other 
species, including birds, has been an exceedingly we 
• occurrence in nature (99).. Same evidence suggests that Al • 
, viruses have different potential for infecting and causing 
disease' in humans m such rare instances. During lhe 
seventeen HPAl outbreaks (Table I), human infections were 
identified in association with only the Hong Kong H5N1 . 
cutbreakm 1997>Wlnle the largestuumber o.rbii^mvoW 
it, a single outbreak of HPAl' was in 1933-1984 m the USA. 
(Table I) attempts to demonstrate primary replication and 
recovery 'of the H5N2 Al virus from workers in depopuhuon 
' 'crews were unsuccessful. ;(15). Using an' expenmetad • 
laboratory mouse model to predict the replication and 
virulence potential of HPAl -'viruses for humans, threi A 
vKS from Hong Kong (M^™, MfcicW 
' HK/220/97 and AAAucteri/HK/728/97) were shown to 
replicate to high titres in the lungs and to be HP for mice ■ 

drains A/chickeiVScotlanoV1959 (H5N1). A/chidcenAraly/97 
• (H5N2) and A/thicl<en/Queretaro/7653^0/95 (H5U2) had 
much tower levels of pulmonary replication in the mouse 
model and caused neither illness nor death in the mica. 
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\ A ,^inn at poultry farmers and other wote about Al 
Sd sE of ttemmsm on surveOWc and 
SS££i5»»*^ theprod^nptBce* 
■« ^antfneorcou^ ' 
e) Impmg-out - ™~ ** * HPAI »d 

some H5 and H7 MPAI outbreaks 

The probability OC an avian virus entering the to pTO ^ne .and under speahc s* 
Population,- reasserting and ead&Uag a new lineage of gQVeu ur^ control, , 

*£• fcto.** capalfc ct ^P^J ■ Su|VeiUance and diaflnostics ■ ■ ■ . • • 

, . : kI>m -,™i .surveillance and diagnostic 

^^tS^d --^toxy wadbirrK.Such 
tott»aptKBninu»™«r u^^ ; — - . PW. ^,73^(4 l0 esLflHMi the national or -regional. 

oE the Al virus with taman-adapted influenza viruses that ^rmauon f v ?f^^ Alwitil 5 na country, which latum 

^Vvruchcould^ap^demtaiahr^CiS. affects f ^^^^odid^ Tr^W 

T^SdESTau* between countries is essential in 
of surveillance ttade ^ p OU icry and poulny 

Prevention. Poland ... ^=3E3SHS 
eradication . . 5S;X^£2=2E2E3£ 

^SSn«nmi ( J»^«^^«'» ^^^."Tr^cs em ** Australia, -where In. 



• Wkey/Ercland»l OEM) caused nrtld illness and death in 
one of eight inoculated mice. These mouse studies suggest- 
that only certain Al viruses have thepotentSsl to cross from 
. birds to mammals.' Furthermore, no association has teen 

viruses to he HP or MP for thicker*. Other workers have 
■ sureesred* greater potential o( mil™ viruses to cross from 

vessel o[ avian and mammal influenza viral genes (83). .- 



human mtuienza.viius capac-ie ol. n.™^ - v - - 

finely low, but mis is consistent with the ume span 
■ We/emergence or the three hnr^. pandemic influenza ■ 

is not tie direct spread of Al virus f the human btft and In 
' toto adaptation tomeuewhunumhost, ^fl**™*"-^ 
of the AI virus with taman-adapted influenza viruses that 
• . L ^" _ . . . _,__>;£ j ™_»™n»nrftfirn{lueri2a 



FndSidual countries have chosen control or er^cador 
T.quirernents to meet domestic expectations (57). However 
the implementation of internal trade agreements and ■ 
s^dardisation of *nn*y health requirements has 
•challenged this approach. Measures taken to prevent, control 
or ^dlcate Al will vaiy depending on die P^jW^ 
the Al viruses, types ofbirds infected, geographic d^mbuaon 

rackets art economic status of the -^f?-^™Z 

ytti regards to HPAI, prevention should he 

strategies topreelude introduction andexposure » 

^le opdor, in contrast, control implies .reduction m 
. iideni-to a low or economically todLA 
■ control programme maybe an ^ U ^noS 
sntos ofMPAlbutis not auaceeptable option for an ^OffiU* 
l^UaseSUch as HPAI oraWgHyvimlent form ofNeW^de 

— iacase, For MPAl.or HPAI, »e».^5J^ 



-disease, EorJSlFAl.orHFM, f»_«n™«»"^r; 
prograrnmehas the following essential elements. 
«0 comprehensive, integrated natioria.1 surveillance and 
. diagncsricr^grarrunes 
to enhanced biosecunty pmeosed at all levels ol Pt-dn^ion 
and processing by all employees of ccnnpan.es, iagoosuc 



^ .TSS-S S» -S- Anstralia. where tn ■ 
1976. 19B 5jWW ■ i w ^ . Q f CDmpr ehensave 

occurred Cy^^ 2 ^^ £ piortacttl and nadohal 
ve terinaty chagnostic »vte * ^ ^ ^ ned 

government W 30 ^, 1 ™^ resuUed in rapid 
r^jlf "STS STSL by the nadonal 
d l8E nOS^ Of HPAI aTld QqjQS ed poultry 

ST* 3/SS«*» Of the disease early in the 
outbreak. 

B insecurity ' „ r at • 

.as follows: . 

■ , of the Al virus on infected farms 
o). containment- of U» /vt vui». 

(bioconcainmeivO ' 

» prevention of introducdon of the vto to navve farms 

(bioexdusion). 
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ptoducrs, poultry-^ equipment or ether ™^ US *J 
on poultry farms. Proper disinfection and deo^ramauon 
are essential Tor all equipment used on more than one farm, . 
and common personnel should Lake the correct precautions 
to avoid carrying wns'frcm faecal and respiratory seasons 
£ ad clothing. Ideally, workers, should he 

• restricted to one farming operation, and workers should not 
visit or wbrk -on other poultry farms, and not own or tend - 
laaotay'Bl their homes: The stretigdi of a bi M ecunty 
pTog— does" ™*1fc m written policy but in the - 
practice o£ biosecurlty, &om the simplest detail, by every 
mdlvidual concerned, and on all farms. When workers must 
be shared her*eea- farms, such us vacantia i tww . P 
addition to depopiMoTi and other crews, mehighestlevel at ■ 
biosecurfcy mustbc practised. Bdhtre to do so presents a red 
danger as reported in eradicauori efforts agati^ en outbreak 
oE vLlero^ewcastle disease anting the 19705m GMorm^. 
The vacdnadon crews were epidtTrJotogl^y . toted to 
prolonging the outbreak by -spreading- the fold virus between 
bras (lift . 

Education 

Education and ' disserrunation or mformaiiorf to poultry 
' fanners and other Workers, veterinarians, government 
. rteu&toQ and the media', concerning Al status and required 
bioseenrity practices are. esaerutaL for the acceptance, 
implementation and successful outcome, or a control 

• nro^amrne. Failure to communicate critical mfom*tton will 
encoW complacency and failure to comply ot pamdpwe 
in the'conttol efforts'. Failures provide ^formation or the 
presentation ' of inaccurate mfonnattan to the media wil ■ 

' reduce public trust in the safety and wholesorneness of all 
poultry products for human consumption. Especially 
important is communication of the low potential for 
transmission D r Al to people through'consumptiounf poultry 
products. 



ftuarantine 

Containment of the infection in individual ratios or regions 
(zones), through controlled movement oPppulny, equipment 
" and personnel is essential in preventing spread of Al Jo 
nonAnTecttd" locations: During outbreaks of HP Al,- birds - 
•should he depopulated anddisposcd of within the quajannne 
jone. Disposal should be by incineration,- composing, 
alkaline hydrolysis,' fermentation or burial in accordance, with 
Environmental standards and laws. All equipment should he 
' aeaned and disinfected before being removed .from the 
infected farm. In some situations, controlled movement ol 
.poultry infected withMFAI may be necessary to minimise 
financial losses to farmers. Under such circumstances, the 
— birds should be.moved only .after the jnfecrtonhas subsided 



Depopulation ' \ 

Tn the cose of outbreaks of HPA1, a smrapmg-oui at slaughter 

b the best first line, of defence lot halting spread . 

. « -is the OIE, have policies that dictate 

outbreaks ofHTAl and other List A diseases of the OlE<5, 47, v 
73 m). hr addition, fa depopulation programine may be 
SUsarv in outbreak or law virulence H5 and H7 Al . 
depending upon the impact on export of poultry product or 
^poieuoal for MPA1 virusefe to mutate and become HPA1 
\4ruses (131). However, scampmg-out rmograrnmes must be 
initiated early in an outbreak' to be effective and eund, 
. and these programmes tend to be^Wrsive andsubjectm 
Stuticri inertia (106). The larger, the geographic region 
involved and-the greater the density ofpoultry, the greater the 
exDe^eanddifficultymusinga depopulation programme for 
S«i«.l«19B3.l9B5, ihc HSNiHPAloutbreakcastth, .. 
^mment of the U5A USS63 rniUion,to eradicate, including ' 

SdiSeon ofHSNl HPA1 in Hong Kong during 1997 cost 
Z government "of Hong Kong HW100 rmUion iy^uding 
1.4 million birds f^SSll miUion) CL Sims, 
phonal communication, 12 September 1999). • 

Vaccines . 

Vaccmadoh should be used only as one element of a 
cDmprehensive eradication prograrnme ■ ■ lor HRM. 

• mrt of a control programme agamst sporadic outbreaks of , 
S?Al ta iZl turkeyl m the upper Midwest (39). Between ■ 
1979 and 1997, -22,385,000 doses of inacuyated AI vaccmes . 
V/efettsed,hut generally vaccines against H5 and l^snbtypes 
SeS discouraged by the UnlLed States Deparunent of 
AaticultuTe (40). -A common use oE wanes has been W 

swine H1N1 influenza viruses (79). 



— turassnouia dc hiuvqi . ,-ttzz.:. - ■ 

and virus excretion titles are low. usually a TOinimum ot inree 
weeks after the first appearance of clinical signs of At. B>rds 
Should be moved and processed at the end of- the day. 
' Transportation should be along routes chat avoid poultry 
farms as much, as possible 



Although vaccines have been demonstrated to be protective 
agdnst bwlpl^ to experiments, vaccmaucm was w used 
irfcontrol and eradication programmes agarose HPA1 mA 
■ l£ b Me»- and Pakistan (Table D (36 . 69)..Since June . 

and August 1995. HPA1 has not been identified In Mexico or 
• Paldstatrespectively. However, in ^co, vaccines Have 
continued to be used to control MPA1 «3N2) m broiler, 
chickens, Nvilh li billion doses of rnacdvflted AlVaCCtne aod 
O.Sbffliand^esofrecombinantfowlpoxvacar^ - 
gone insert being used between 1995 and 1999 (36). The . 
govemmentofthe USA has provisions for usage ovaccmes in 
Lre eradication efforts should HPA1 appear in the USA 
- (47)- -However, unrestricted.-use. ut.AV. vaccines w£ ^_ 
. ounterproductive to elimination efforrs unless tbeother^ 
coutponents listed eiirher are integmted into the «A*J0J 
programme (106). In general, vacc^os should be . ^i only , 
L number of HPAl cases Is mct-casmg and the disease .s not 
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contained within a single quarantine vnc Vaccine 
appltcatioti should be limited to poulny wiihm quarantine 
^ones, barrier or 'ring' vacdnatSon around theperiphery or the 
qimoUne mne.-or vaccination to protect poultry r*digvee 
stock -within- a region during an expanding HPAl outbreak... 
The difficulty with vaccine usage is deciding when to stop 
' vaccination to order to conduct the final steps ol the 
stamping-am piogoffttme. 

Two vaccine .technologies have been used in the control or . 

eradication of HPAl. as follows: 

a) inactivated whole vims vaccines 

h) a recombinant fowl' pox vaccine with anH5 AIHA. gene • 

insert. 

Inactivated whole virus' vaccines were used extensively in 
■ Mexico and Pakistan during the recent outbreaks ^volvmg 
H5 and H7 HPAl viruses, respectively (36. 69). The 
re^rnbinant fowl pox vaccine has beennsed Ita |M«tao in the 
control programme against MPA1 (H5N2). Other 
technologies hold promise -far future use, including 
deoxyribonucleic add (Bl) and subunit HA protein vaccines 
• (27). 1 •' ■ 



vaccines include recombinant ^wlpo* ™th an Al HA s-e 
insert or HA subunit protein vacones that tack the 
mtdeopmtsio and man* compote and thus do not give 
an AGP response (27, 105). • . 



The HA protein elicirs the major protective iinmunity to 
poultry but the. NA also contributes to protection (33, 
Vaccines provide protection in chickens said turkeys against 
illness and death Mowing challenge by homologous riA 
. subtypes of HPAl viruses; I.e. H5 vaccine protects against an 
H3 challenge virus, but not against an H7 challenge virus 0*. 
96 97 125 127). This HA subtype protections consistent 
between vaccine and field virus with at lease 87% stmuarUyin 
HA amino add sequence (110). Haemag^tinm 
subtype-specific vaccines have been shown to lower infection 
tates and reduce quantity of challenge vims shed from cloaca 
and oropharynx of vaccinated chickens, but pffvennon o[- 
replication or 'sterilising irnmunity: has. not been achieved 
' (1D6 109. 122, 127). Vaccines can provide protecuon against . 
HPAl- following a single dose for over twenty weeks (106, 
109), Immunity induced by vaccines can provide protecuon 
even against challenge with high doses or HPAT vims. For 
rera^mmiL- Tdwl pox H5'A1 vu-al -gene -insert vacate 
chickens three weeks post-vaccuiation were protected against. 
" .illness and death when exposed to an HPAl virus from Maaco 
(A/chicken/Queretara/1458B:i9/95 IH5N2D.- even' to 
challenge doses reaching 10 7J mean chicken embryo, lethal 
doses (ELD 3<1 ) per chiclcen(lQt-). 

Usage of inactivated Al vaccine can interfere with serologjcal 
surveillance. Inactivated AI vaccines produce high antibody 

su-es in poultry uiitt^Tc.i^iiiiguj^.^,.^ . v,rUS ._ 

change -s determined by the' HI and agar gel precipitin 
' CAGP). tests- To prevent interference, with surveillance, 
urtvaccitiated sentinel birds should be placed- within 
vacated flacks (39). orvacews tb* do not *cjtaonbody 
responses to internal virus proteins should be utilised. Such 



Vaccine usage for Al control and. eraclicntmn has definable 
U^ExpenWal studies have shown good or excellent 

SpSry K field situation, vaccine use and protection 
will not reach maximum- potential. In the field, improper 
virion technique, infections by hnmunasuppr<ssiv.e 
™ incorrect storage and handling of vaccines arid other. 
Sr*ta field vaccinated chickens and turkeys less well 
Setted San those in laboratory studies In conn-ol or 

^ only one of the elements required in a ^comprehensive 
Otherwise, any gains acWeved ^ ™- 
™^nou from illness, death or reductions in shedding nates 

only if aflaspects of the pennon strategy are operauonaL 
S tadS *** ^insecurity -prices on. infected and 
^infected farms involving all personnel and equipment 
Tved between farms, limidng human access to fa**, 
Cldl* adequate surveillance and diagnostics imposmg 
S on infected flocks, and prr^dmg a low-risk 
SSoVelhninafioh and disposal oFmfected birds. 



As an akerhadve ic vaccines, antiviral, drugs have- been 
™ed for treatment of avian influenza viral mfemons m 
SS. However, in experimental studies simulating 
^d conditions with HPAl. resistance- to amantadine 
WoSrapidly. filing into question ^^oTj^ . 
drugs FortrJrmeutrf^^^ - 
feecost of the ■drugs would be prohibitive, and in the USA, no 
™riv^l dnies are approved by federal regulatory agencies for 
ESf?3»2- in poultry. Poultry . treated with ■ 
Sal therapy cannot beused for human consumption. 

Measures to prevent importation of avian 
influenza 

«^»orpri ait sanitary standards for list A 

JumSfrom porting poultry *nd- poulrry-praducts.. (73), . 
SuTm v^testnerioris axe instituted by imporring 

HpJTrlowever; any restriction Imposed by an importing. 
Srt^ should be jusrified-hy a scienceWd risk aualys. 
shared between the trading partners, for example, continued 
' Se wSi an HPAWree region of an expomng countiy could .. 
h7acc«ted; despite the presence oCHPAl in another region o 
'ILTSU, if^W *V reduction movement controls 
--are inplflce-widiin di= couniry. ; _ . _ _ 

Demonstration of rreedom.froin HPAl can be accompHshed 
^rZh serologici,! suryeilWce. Negative results m 
SSS^Slkb as. the AG1D test or HUSA ptuvde 
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exporting country must venty ^° U B i&Vft 
in meat tissue, in contrast, HxM ^ a sy *~r „„„ • 
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•Resume ; nathogene est una mflladie extrsmBment 

L-mfluenzB aviaira h"rtflm«ttpjm^ systamiqua, qui s'accompaona . 
con taai EUS e da * w «P «J ™Xns Vou^es H5 rt H7 du virus . 

influenza de type Mela fa^^^^ 

soft des inferior* ^P^ u ££„ " 0 ,Ve«* ^rnestlqijes et ean/iffffi.' 
reproduction cha* Pl"* BU V n jS partie "de la Liste-A da rotSn . 

p^oafenene figure ^J^^S^^^^^^^^ 

peste - aviate de 955 a to *^2,J^ pathogane sont presents ohn l>t 
Les virus de Bnflwnia aviaire «^"JJJJJ de reservoir; ces virus attaignant 

o^sionnBllementdesvo^^ 

ftanalr r-oonmt f h ^ B SSSSnt es vatoHUa domestiquas. D'aprasla 
oh«c»adBnitB«ta«d •P ^«'«J« ™ a ^ airB haatBrnBl5 t pathogen* 

prmriendraient das una de l w > rh 6 maQ aJurMna. ■ ' ' ■ 

cndstt & avter toute expo .A on MVJJ de nnfao|fan 

programmes^ P^JfeJiSSSa^ faire face a du.cu flnM 
• constituent pas una methode « £P»w P dfi G8tta1nesepi da<m8 S 

aviaire ^"'•" t ^* e ^^S?B^s strategies de lute .w»w " 



Xerilviai, 1— paW - Maladies aviaires - Ortho^ — Paste 
aviaire. ■ 



